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DEPENDENCE OF TENSIONS ARISING IN THE STEM OF THE KNITTING NEEDLE
WHEN THE NEEDLE HITS THE WEDGE ON THE INFLEXIBILITY OF THE
NEEDLE-WEDGE PAIR

The efficiency of knitting machines, in particular their productivity and fabric quality, largely depends on the durability of
the needles, which, in turn, depends on the dynamic loads that arise in the zone of impact interaction of the needles with the wedges
of knitting systems.

Previous studies have shown that when a knitting needle hits a wedge, shock waves of stress appear in its shaft, which is
one of the main causes of needle failure (destruction of the needle hook, etc.). In this case, when solving the problem of determining
the magnitude of the stresses arising in the needle rod, the case of a hard impact of the needle (rod) on the wedge is considered. In
reality, when the needle hits the wedge, an elastic impact occurs, due to the rigidity of the needle-wedge pair.

Studies show that an effective way to reduce the dynamic loads acting on the needle during knitting machine operation is
to reduce the inflexibility of the needle-wedge pair. However, the issue of the influence of the inflexibility of the needle-wedge pair
on the dynamics of tensions arising in the needle stem has not been practically studied, which creates certain problems in the design
of knitting machines.

The object of research is the knitting machine needle and the process of its interaction with the wedges of knitting systems.
When solving the problems set in this work, modern methods of theoretical research were used, based on the theory of shock wave
propagation in flat stem elements during longitudinal impact.

The research objective is to investigate the influence of the inflexibility of the needle-wedge pair of a knitting machine on
the tensions that arise when the needle hits the wedge, and to develop a method for the influence of the inflexibility of the needle-
wedge pair on the impact tensions in the needle stem during its interaction with the wedge during the knitting process.

Analysis of the obtained dependencies allows us to conclude that the inflexibility of the needle-wedge pair affects the
magnitude of the tensions in the needle stem caused by the shock wave. At the same time, a decrease in inflexibility contributes to a
decrease in the magnitude of the tensions in the needle stem.

As is known, the needle has a complex geometric shape. Therefore, when the needle hits the wedge, a complex stress field
arises in its body, which depends on the geometric shape of the needle. The obtained equations are only some approximation of the
description of the process of changing the tensions in the needle body when it hits the wedge.
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IUIEIKO CEPI'II

KuiBcpkuit HalliOHABHUIT YHIBEPCHTET TEXHOJIOTIH Ta Tu3aiHy

SAJIEXKHICTD HAIIPYKEHD, IO BUHUKAIOTD Y CTIBJII CITUIU ITPU YJAPI I'OJIKHA OB KJIUH,
BI{ HEPO3KIBHOCTI ITAPH I'OJIKA-KJIMH

Ecpexmusnicms pobomu 6'a3anbHux MauiuH, 30Kpema ix npoOYKMUGHICMb ma AKICMb NOJNOMHA, 3HAYHOIO MIPOIO 3aiedcamb 6i0
006206i4HOCINI POOOMU 20710K, KA, Y CE0I0 HeP2y, 3aNedCumb 6i0 OUHAMIYHUX HABAHMAICEHb, WO GUHUKAIOMb 6 30HI YOapHOi 63aeMO0ii 2010K 3
KAUHAMU 8 A3AIbHUX CUCTIEM.

Ionepeoni docriddicens nokasan, wo y MOMeHm y0apy 6'a3anbHoi 20aKu 06 KiuH 6 ii cmepicHi 6UHUKAIOMb YOapHi XUl HaNpyiceHb,
WO € OOHIEIO 3 20106HUX NPUUUH BIOMOBU 200K (PYUHYBAHHA 2a4Ka 20AKU Ma iH.). [Ipu yoomy npu pivienni 3a0a4i 6USHAYEHHSA BENUHUHU HANPYHCEHD,
WO BUHUKAIOMb 8 CIMEPIHCHI 20JIKU, PO32NAOAEMbCA BUNAOOK HCOPCMKO20 YOapy 201KU (cmepaichs) 0o kaun. Hacnpasdi s npu yoapi 20aku 06 KiuH
Mae micye npysCcHULl yoap, 3yMOGEHUL HCOPCMKICHIO NaApU 201KA-KIUH.

Ak nokaszyiomv 00CaiodnCcenns, ehekmueHUM WIIAXOM 3HUICCHH OUHAMIYHUX HABAHMAIICEHb, OIIOUUX HA 20KV Npu pobomi 6's3anbHol
MAUIUHU, € 3HUMCEHHS. HCOPCMKOCMI Napu 20JKa-KiuH. [Ipome numants 8naugy HOpCmKOCHi NApu 20IKA-KIUH HA OUHAMIKY HANPYIHCEHb, WO
BUHUKAIOMb NPU YbOMY 6 CINEPIICHI 20K, NPAKMUYHO He 00CTIONCeHe, Wo CMBOPIOE NeGHI NPoOIeM NPU NPOEKMYBAHHI 6 A3ANbHUX MAULUH.

06 ’ckmom docridcensy obpana conka 6'a3anbHoi Mawuny i npoyec it 63acmo0ii 3 kiunamu 8'a3anvruux cucmem. Ilpu piwenni 3a60anv,
nocmasneHux 8 yiti po6omi, Gyu BUKOPUCMAHI CYHACHT MEMOOU MEOPEeMUYHUX OOCIIONHCEHD, WO OA3VIOMbCS HA MEOPIl NOWUPEHHS XBUIb HANPYHCEHD
8 NIOCKUX CINEPIUCHESUX eleMEHMAX NPU NOO0BIHCHLOMY YOapi.

3aeoannsam docniodncens € 00CTIOHCEHHS 6NAUSY HCOPCMKOCMI NAPU 20TKA-KIUH 8 A3ANbHOI MAWUHY HA HANPYHCEHHSL, WO UHUKAIONTL NPU
KIUHOM 6 NPOYECE 6 A3AHHS.

Ananiz ompumanux 3anexcnocmett 0038015€ NPUiimu 00 BUCHOBKY, WO HCOPCMKICHb NAPU 20IKA-KAUH BNAUBAE HA 8ETUNUNY HANPYIHCEHD
6 CIEPAHCHI 20IKU, BUKTUKAHUX YOAPHOIO X6uiero. 1Ipu ybomy 3HUMHCEHHS. HCOPCMKOCE CRPUSE SHUNCEHHIO BEUNUHU HANPYHCEHHS 8 CINEPIHCHI 20JIKU.

Ak 6idomo, eonka mae cknadny eeomempuuny gopmy. Tomy npu yoapi eonku 06 kaun 6 it mini 6UHUKAE CKAAOHEe NOJe HANPYIHCEHb, SKe
3anescums 8i0 eeomempuunoi popmu 2oaxu. Ompumani pigHAHH € AuLULe OESAKUM HAOTUNCEHHAM ONUCY NPOYeCY 3MIHU HANPYIICeHb 6 Ml 20KU Npu
yoapi it 06 xkuwun. [lpome ompumani pesyiomamu 003601510Mb 3pOOUMU BUCHOBOK, WO 3HUNCEHHS HCOPCMKOCMI NAPU 20JKA-KIUH CRPUSIMIUBO
BNIUBAE HA NIOBULYEHHS D0B206IUHOCI 8'A3ATLHUX 20IOK.

Kniouosi cnoea: 6'a3anbha Mauuna, 201Ka, KIUH, HANPYHCEHHSA 8 201Yi, HCOPCMKICHb NAPU 20K A-KIUH.
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Statement of the Problem

The object of research is the knitting machine needle and the process of its interaction with the wedges of
knitting systems. When solving the problems set in this work, modern methods of theoretical research were used, based
on the theory of shock wave propagation in flat stem elements during longitudinal impact.

The research objective is to investigate the influence of the inflexibility of the needle-wedge pair of a knitting
machine on the tensions that arise when the needle hits the wedge, and to develop a method for the influence of the
inflexibility of the needle-wedge pair on the impact tensions in the needle stem during its interaction with the wedge
during the knitting process.

Analysis of Recent Sources

The efficiency of knitting machines, in particular their productivity and fabric quality, largely depends on the
durability of the needles [1, 2], which, in turn, depends on the dynamic loads that arise in the zone of impact interaction
of the needles with the wedges of knitting systems.

Studies [3] show that an effective way to reduce the dynamic loads acting on the needle during knitting machine
operation is to reduce the inflexibility of the needle-wedge pair. However, the issue of the influence of the inflexibility
of the needle-wedge pair on the dynamics of tensions arising in the needle stem has not been practically studied, which
creates certain problems in the design of knitting machines.

Presentation of the Main Material

The studies et al. have shown that when the knitting needle hits the wedge, impact shock waves arise in its
stem, which is one of the main causes of needle failure (destruction of the needle hook, etc.). When determining the
magnitude of tensions arising in the needle stem, the case of a hard impact of the needle (stem) against the wedge is
considered. But actually, when the needle hits the wedge, an elastic impact occurs due to the inflexibility of the needle-
wedge pair.

When considering the propagation of shock waves arising at the moment of impact, let’s consider the stem, the
diagram of which is shown in Fig. 1, a. Let’s take the axis of the stem as the X-axis. The impact force is applied to point
O of the stem.

Assume the following initial conditions: t = 0 u = 0; 3—1; = 0; boundary condition (x = 0):
ou
EF — = —N(1), (1)

where  u = u(x,t) is the longitudinal displacement of the stem cross-section during impact;
E is the module of normal elasticity of the stem material;
F is the cross-sectional area of the stem;

a . . .
2 = & is the relative elongation of the stem;

ox
N(t) — is the compressive force of the stem caused by the impact.
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Fig. 1. Calculation diagram for analyzing the propagation of an elastic longitudinal shock wave in the needle stem of a knitting machine:
a - when the needle hits the wedge with a hard impact; b - when the impact is elastic

It is apparent that: N(t. p ft <0.

The displacement of th: cross-sections at the moment of impact is described by the differential equation:
Pu_ o0 )
oz & o2 @)

where a = \Eis the speed of sound propagation in the stem material;

p is the mass linear density of the stem material.
Let’s assume that a longitudinal wave propagates along the stem:
u = f(x — at), 3)
which satisfies the equation (2).

Then the equation of the stem cross-sections motion can be represented as follows:
u

X = f'x—at). 4)
Solving equation (4) using boundary conditions, we have:
EFf'(—at) = —=N(t).
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Therefore: f'(—at) = o (5)
Let’s write expression (5) in the form:
1 d __N®
—— o f(-at) = ——,
or in the form:
d N(t)
S f(—at) =22 (©)
We’ll find the solution to the equation (6) using the method of variation of an arbitrary constant, by integrating:
t aN(t) t
f(-at) = [, “EFT dr = % Jy N(@) dr. (7

From equation (7), we have:
X
flx—at) = :—Ffot_azoN(T)dT =u(x,t).

Using the obtained dependence (7), we can find the longitudinal displacement of the stem cross-sections during
impact.

Let’s consider the case of a needle stem impact, taking into account its elastic properties (elastic impact) - Fig.
1,b.

When the stem is impacted, the longitudinal displacement of its cross-sections is determined by the condition:

W = u(xt) + v,t,
or, considering (7):
X
W == [T N(@) dt + vot, (8)

where W is the longitudinal displacement of the stem cross-section during impact (elastic impact);

V( is the initial velocity of the stem (impact velocity).

The compressive force on the stem caused by the impact is found from the equation:

N(©) = cy(0), €
where c is the inflexibility of the stem in the impact zone.
Substituting (9) into (8), we find:
%50

Wzg o ¢ y(@dt+w,t. (10)

Equation (10) can be represented as follows:

t

= Jo y@dr + vt = y(©). (11)

Solving equation (11), we have:
d
Y + v, =2y,

or:
Y'(®) = -y(®) = v, (12)
Solving (12), we find:
y(t) = —%vo + AeEr", (13)
We find the integration constant A using the initial conditions: t = 0 y(t = 0):
EF
A= —Vo. (14)
Substituting (14) into (13), we have:
EF ac
y(t) = — Vo (1 - eEFt). (15)
We’ll determine the compression force of the stem by substituting (15) into (9):
N(t) = Z vy (—1 + eB7'), (16)
The stress in the stem cross-sections during impact will be equal to:
N(it) _E ac
a(t) === =-w (—1 +eEFt). (17)

Representing the needle as a stem with a piecewise-variable cross-section [5], we’ll find the maximum stress

in the cross-sections of individual sections of the stem from the condition (taking into account that o(t); = Ojpax and
2cl;

t = 2y a%<—1+eE_Fi) . (18)
imax

a

Conclusions

Analysis of the obtained dependencies (17), (18) allows us to conclude that the inflexibility of the needle-
wedge pair affects the magnitude of the tensions in the needle stem caused by the shock wave. At the same time, a
decrease in inflexibility contributes to a decrease in the magnitude of the tensions in the needle stem.

As is known, the needle has a complex geometric shape. Therefore, when the needle hits the wedge, a complex
stress field arises in its body, which depends on the geometric shape of the needle. The obtained equations (17), (18)
are only some approximation of the description of the process of changing the tensions in the needle body when it hits
the wedge. However, the results obtained allow us to conclude that reducing the inflexibility of the needle-wedge pair
has a positive effect on increasing the durability of knitting needles.
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Analysis of the current state of research on dynamic loads in knitting mechanisms of knitting machines and
ways to reduce them, carried out on the basis of scientific research by domestic and foreign scientists and researchers,
allows us to draw the following conclusions:

— dynamic loads in knitting mechanisms, caused by the impact interaction of needles with wedges, are a
determining factor in the efficiency of knitting machines;

— the problem of reducing dynamic loads in knitting mechanisms exists and is relevant, since its solution allows
to increase the productivity of knitting machines and the quality of knitted fabric and finished products;

— the most appropriate way to reduce dynamic loads in the knitting mechanisms of knitting machines is to
improve existing and develop new needles and wedges, while, first of all, needles and wedges should be distinguished
by higher flexibility of working zones (zones of working elements that interact with each other at the moment of impact);

— to date, there are no developments of a mathematical model of the dynamic interaction of a knitting machine
needle with a wedge with an elastic element made in the form of a stop and a spring;

— there are no comprehensive studies assessing the effectiveness of using needles with a thinner shaft in the
heel area to reduce dynamic loads in the knitting mechanism;

— the effectiveness of using needles with a ledge to reduce dynamic loads in the knitting mechanism has not
been studied; there are no developments to improve this needle design aimed at reducing dynamic loads that arise in the
area of its interaction with the wedge;

— despite the variety of knitting machine needle designs aimed at reducing dynamic loads in the knitting
mechanism, further research into the development of more advanced and efficient needle designs remains relevant,
while the needles should have a higher heel flexibility while meeting high requirements for the reliability of their work
and obtaining high-quality knitted fabric [3].

The development of a method for determining loads in a needle (platen)—wedge pair with further development
of the theory is an important stage in creating the theoretical foundations for the design of a knitting mechanism, as it
will allow solving the problem of increasing the efficiency of knitting machines. This task is especially relevant at the
present time, when the knitting machine industry is faced with the task of increasing the speed characteristics of knitting
machines and automatic machines while simultaneously maintaining the quality of the products produced [3].
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